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Structural design and numerical study on bearing capacity of variable
cross-section tubular pile

WANG Kai, ZHENG Ang, ZHANG Yu-he, YAO Zhan-yong, YAO Kai
(School of Qilu Transportation, Shandong University, Jinan 250002, Shandong, China)

Abstract: Based on relevant theoretical analysis, numerical simulation, engineering field test and other research methods,
this paper analyzes and optimizes the design of pile structure based on traditional mixing pile technology according to the
stratigraphic characteristics of the yellow floodplain area. It focuses on numerical simulation of variable cross-section
tubular piles, puts forward the design method of variable cross-section tubular piles and engineering scheme, and carries
out engineering test to evaluate the pile quality and foundation reinforcement effects. The study analyzes the load-bearing
characteristics of these piles, clarifying their stress conditions to provide reliable theoretical guidance for engineering
applications. Additionally, different design schemes for variable cross-section tubular piles are analyzed and optimized to
assess the performance of various sections and understand the stress conditions of the piles, providing practical guidance
for pile foundation layout in engineering projects. Through structural analysis and engineering tests, an integrated design
scheme for variable cross-section cement-soil slurry spraying composite piles is optimized. The implementation of this
technology is expected to significantly improve the quality of highway foundation reinforcement in the yellow floodplain
area and reduce reinforcement costs, yielding notable social and economic benefits.
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Table 1 Physical and mechanical parameters of the soil layer

" W B BRI NEBEEM RaE/
T m o (Nm)  kPa © MPa
E gt
00~55 189 228 14.6 6.66
&+
W TR
55~80 186 329 8.9 4.44
#t
E gt
80~10.0 191 262 143 5.18
Ft
b gt
10.0~20.0 192 235 15.5 7.00
i+

*2 M-t hxgmsyld

Table 2 Pile-soil mechanical modeling parameters[ls]

W MR B ks AR K ERR ML
ZF MPa (glem®) Ltk /) /() Ji/kPa [FHEREL

TR

600 2.1 035 — — — 0.6
HIE
4B 600 2.1 035 — — — 0.6
JEHB
400 21 035 — — — 0.6
T
Fm

50 20 035 — — — 0.6
[ 1
RN 7 19 030 150 0.1 228 0.6

B

(a) AZHIH A HE B2 R B B (b)) fRE L A G
2 TiRBUAtEAFHZ RS
Fig. 2 Appearance of pile at project site
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Fig. 3 Overall design of variable cross-section tubular pile
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Table 3 Three sets of tubular pile models with different

heights
p—_ ERHE fRTEE ONECHE RECHE B B
K/m £K/m K/m K/m
1 1 1 0.5 7.5 0.85
2 1 3 0.5 5.5 0.99
3 1 5 0.5 3.5 0.95

B 4 Sy BUE B IR E R p-s X ELE,
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PRI R R BRSSO BB AR UL R
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Fig. 4 Load-displacement curves between numerical
simulation and field test
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Table 4 Geometric parameters of variable cross-section
tubular pile m
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Fig. 5 Schematic diagrams of internal and external centerline stress extraction paths
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Fig. 6 Internal depth-vertical stress curves of variable cross-
section tubular piles under 9 different working

conditions
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Fig. 7 External depth-vertical stress curves of variable cross-
section tubular piles under 9 different working

conditions
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Fig. 8 Internal and external depth-vertical stress curves of test
pile No.1
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Table 5 Optimization of geometric parameters of variable

cross-section tubular pile m
Yn AR EER b FERAE S SKERHE RAE RESHE
T oKk K @EHE K K EBHE W/ HE
1 2 7
2 3 6 0.5
3 4 5
10 0.8 0.5 0.5
4 1 7
5 2 6 1.0
6 3 5
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—— LEBAE3 m, FEEK2 m
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Fig. 10 Internal depth-vertical stress curves of piles with
different casing thicknesses
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